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P±NJI i�v�R�KcK�kqaeUVX�UOR,L�M�P�UOR�fJdVT:F�UVMYR,MOaeF�fri�
'dVMhI�v ��i�k�P�iJ�gTJUVF+x+UORzv R�acv�dÉMOF TBUhF�b'aeHJI Rzf I
�wX�acI�fWM
MOUhR�fJdVT:F+UÒMYRzMhaeF+fwR�KDMOI$UhfµRzMhacb�I3MOF\X�F+vwvwI�UhX$a R�KBR�aeU³RzfJH�x�UhF+�JfBHwMhUOR�fJdVT:F�UVMYR,MOaeF�fÉMhNJUhF��Jx+NÉx+I�fBI�UORzK:R*b'a��
RzMhaeF+f7AZP±NJI F�b+I$UOR�KcK6x+FWRzKed�R�UVI�MOFÎacfJX�UVI*R�dVI v�F��BaeKeaDM�
��3UVI�HJ�BX�I HJF'F+U���MOF��®HJF�F�U�MOUhR*b+I�KqMOaevwI�d
� RzfJH
TJUVF�b'acHJI�RzaeU²MOUhR�fJdVT:F+UÒMYRzMhaeF+f�MhF �BfJHJI�U���dVI�UVb�I�H v�R�U��zI$MhdgRzM�R�f<R��:F+UhHJR��JKeI�X$F+dVM�A P�FªRzX�X�F�v�TJKcaedVN
MONBI�dhI[x+FWR�Kcd��JMhNJI²i'k�P�iGTJUhF�x+UOR�v¿aed·HJI$b�I�KcF+TJaefBxgX�F�fJX�I$TBMOdqF�L F+T�I�UhRzMOacF+fJd�R�fJHGI�fµR��JKeacfJxwMhI�XYNJfBF+KeF��
x+acI�d�A¾p6fJIGFzL MONBIGX$F+fJX�I$TBMOd�F�L6F�T:I$UORzMhaeF+f���I�aefBx HJIyb+I$KeF+T�I�H R�d�TJR�UVMwF�LqMONJI�i�k�P�i TBUhF+x+UhR�vÍacd
I�fWMhacMOKcI�H����qaex�NJI�UÊ¸³F+Ke�JvwI p	T�I�UhRzMOacF+fJd6� ��¸qp\�lR,M3fJF+f��®MOF���I�U
�JfJF+f!�®UOR�HJR�UlRzaeUhT�F+UÒMOdlHB�JUhacfJx²Ð�fJdÒMOUh���
vwI�fWM EGI$MhI�F+UVF+KeF+x�aeX*RzK�jlF+fJHBacMOacF+fJd\��ÐÒE j±��"BA

jl�JUhUVI�fWM·F+T�I�UhRzMOacF+fJd3R,M3fJF+f��®MOF���I�U
�JfJF+f!�®UOR�HJR�UlRzaeUhT�F+UÒMOdlHB�JUhacfJx9ÐÒE j UhI$K#
wF+f�TJUVF�X$I�HJ�BUOR�K�dhI$T!�
R�UhRzMOacF+f$�JR�dhI$H�F+f�RQv�IyMONJF'HgF�L7F+fJI%�®aef'&,F+fJI%�®F+�BM�A�P±NJacdlvwI$MONBF�H�UhI�dV�JKcMhdlacf�R[dVaex+fBac¹µX�R�fWMlUVI�HJ�JXyMOacF+f
aef R�aeUVT:F+UÒM X�R�TµR�X$acM�
�A	P±NJIÉi�k�P�i���¸qp X�F�fJX�I$TBM	�·aeKcK�I$fµR��JKcI²v²�JKDMOacTJKeI\F+T�I�UhRzMOacF+fJdqMhF�fJF+f��®MOF���I�U
�
fJF+f���UORzHµR�UÊR�aeUVT:F�UVMOd³HJ�BUhaefBx[ÐÒE j A'Ð®M�aedÊaevwT:I$UORzMhacb+I3MhNµRzMÊMONJacd�X$F+fJX$I�TBM(�:I�HJI$b�I�KcF+T:I$H�aef�R[UVaex+F�UhF+�Jd
v�R�fJfJI$U\MhF)aefJdV�JUhIÉMONµR,M\dORzL�IyM�
 aed\fJF�MQX�F�v�TJUVF+vwaedhI$H7A«P±NJacdQUVI�)>�JacUhI�d\MONJRzM\MONJIÉX�F�fJX�I$TBM²�JfBHJI�UVx+F
R�f)Iy|'MhI�fJdVacb+I[I$bzR�Kc�µRzMOacF+f*�+
*��F�MON dhacv²�JK R,MOaeF�f�R�fJHGR�fµRzK#
>MOacX*R�K:v�IyMONJF'HJd�A

Ð�f<MhNJaedwTµR�T�I�U
����I�HJI$v�F+fBdVMOUhRzMOI NJF��ÀMhNJI,�zI

 dOR,L�I$M�
 TJUhF�T:I$UVMOacI�dÉX*Rzf-��IGI$dVMYR��JKeacdhNJI$H-�+
 R
v�RzMONJI$vgR,MOaeX�R�K7b+I$UhaD¹µX*RzMhaeF+f�v�IyMONJF'H.�µR�dVI�H F+f L�F�Uhv�R�K¬KeF+x+acXQR�fJH MONBI�F+UVI�v TJUhF�b'aefJxBA6P±NJI²d�
�dÒMOI$v
aed�UVI�TJUVI�dVI�fWMOI$H�aefwR6L�F+Uhv�R�KBv�RzMhNJI�v�RzMOacX*R�K�K R�fBx+�µR�x+I·RzfJH«MONJI�UhI
)'�BaeUhI$H�TBUhF+T�I�UÒMOaeI$dÊR�UhI3L�F+UVv²�JKeRzMOI$H
R�d�X$F+f0/VI$X$MO�BUhI�d$A1k v�RzMONBI�v�RzMOacX*R�K·TJUVF�F�L6aedgX$F+fJdÒMOUh�BX$MOI$H MOF�dVNJF�� MhNµRzM�MONJI$dhI X�F�f0/VI�XyMO�JUVI�d)R�UVI
aefBHJI�I$H�v�RzMONJI$vgR,MOaeX�R�K:MhNJI�F�UhI�vwdqR�fJH�X$F+fJdVI�)>�JI�fWMhK#
 MONµRzM·MhNJI[vwF'HJI�KcI�H d�
'dVMhI�vºNµR�d·MONJIQUhI
)>�JaeUVI�H
TJUVF+T:I$UVMhaeI�d$A

kÀTJUVI�Keacv�acfµR�U�
 X�F+fJX$I�TBMÉFzL·F+T:I$UORzMhaeF+f �3R�d9HJI$b�I�KeF�T:I$H TBUhaeF�U[MOF MhNJI�X$F+v�TBKeI$MhaeF+f F�L±MONBIg¹µUhdÒM
HJUhRzL�MÉF�L·MONJI)F��wX$a R�K3X$F+fJX$I�TBMwF�LqF+T�I�UOR,MOaeF�fJd�A P±NJaed²�lR�dÉHJF+fJI�MhF x�acb+I��Bd�R NJI�R�HÎdVMOR�UVMÉF+fÎMONBI
HJIyb+I�KcF+TJvwI�fWM�F�L�RQUhaex�F+UhF+�Bd�vgRzMhNJI�v�RzMhaeX*RzKµR�fµR�K�
'dhaed³vwI$MhNJF�HÉMONJRzMÊX*R�f$�:I��JdhI$H�MhF[b+I$UhaDL1
«MONJI·¹µfµR�K
X�F�fJX�I$TBM FzL F+T�I�UhRzMOacF+fJd·aefG^��+�ztJA�P±NBI[vwF�HBI�Ked·RzfJH�TJUVF�FzL�d�TBUhI�dVI�fWMOI$H aef)MONBaed·TµR�T�I�U·X�F�fJX�I$Uhf�F�fJK#

MONBaed3TJUVI�KcaevwaefµR�U�
«X�F�fJX�I$TBM�R�fJH�fJFzM3MONJI	KeRzMOI$dVM±i�k�P�i*��¸qpZX$F+fJX$I�TBM·HJF'X��Bv�I$f>MhI�H)aef�MONJI6dV�Jvwv�I$U
F�L�^z�+�+@BA�P±NBaed9TBUhI�KcaevwaefµRzU�
GX�F+fJX$I�TBM9NµR�d[I�fµR��BKeI�H �Jd[MhF�HJIyb+I$KeF+T R)b'a R��JKcI«b+I�UVac¹µX�RzMOacF+fªvwI$MhNJF'H
R�fJHwX�UVI*RzMhI R\dhacx+fJaD¹µX*R�fWMÊR�vwF+�JfWMÊF�L"UhI��BdOR��JKcI·Kea2�BUOR�UVaeI�d
��MONBI�F+UVaeI�d
�'R�fJH�Rz�BMOF+v�RzMhI�HÉdVMhUORzMhI�x+acI�d�MONµR,M
�·aeKcK3��I	�JdVI$L��JK7L�F+U�MONJI6b�I�UhaD¹µX*R,MOaeF�f FzL�MhNJI6¹µfµRzK7X�F+fBX�I�T�MqFzL�F�T:I$UORzMhaeF+f�RzfJH)F�MONJI$U±d�
'dVMhI�vwd·dhaevwaeKeR�U
MOF«MhNJaed±F+fBI�A

P±NJI·TJUhI$Keacv�acfµR�U�
QX$F+fJX�I$TBMÊaed�HJI$dhX$Uha2��I�Hwaef²MhNJI·fJIy|'MÊdhI$X$MhaeF+fwR�fJHwaef«vwF+UVI±HJI$MOR�aeKcd aef54u^06�A P±NJUhI$I
�µR�dVaeXqI�KeI$v�I$fWMOdlFzL7MONJI d�
'dVMhI�vÀRzUhI vwF'HJI�KcI�Hw�JdhacfJx9MONBI6o ¸\i�L�F+UVvgRzK�v�RzMhNJI�v�RzMOacX*R�KBK R�fJx��µR�x+I�7±�ÒC��
MONBIgR�acUhdVTµR�X�IÉdV�JUhUVF+�JfJHJacfJx)MONJI�R�aeUVT:F�UVM8��X�R�KeKcI�H MONBI�i�I$KcL3jlF+fWMOUVF+KeKcI�H k UhI�Rª��iJjlk	�9����^+�	R)x+UhF+�BfJH
�µR�dVI�HªR��BMOF�vgRzMhI�H d�
'dVMhI�v X*RzKeKeI$H MhNJIÉk acUhT�F+UVM9E�R�fJR�x+I�vwI�fWM9EGF'HJ�JKcI���k	E E��%�l��@W� MONBI�RzaeUhX$UORzL�M
MOUhR:/VI�XyMOF+UVaeI$d�A P±NJI dORzL�IyM�
�UVI�)>�JacUhI�vwI�fWM�aed³L�F+Uhv9�JK RzMhI�H�R�d�R[x+I$F+v�IyMOUVaeX·dhI$TµR�UOR,MOaeF�f�TJUVF+T�I�UVM�
�A³{µUhF+v
MONBIQvwF'HJI�Kcd±R�fJH)MONJI\dhRzL�I$M�
)UVI�)>�JaeUVI�vwI�fWM8�µTBUhF'F�L�d·R�UhI\HJIyb+I$KeF+T�I�H)MONµR,M·dh�JTJT�F+UÒM�MhNJI\dORzL�IyM�
)X�KeR�aev A
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P±NJI F���/VI$X$MOaDb+I)F�LqMONJacd«X�F+fJX$I�TBM�F�LqF+T�I�UOR,MOaeF�f acd²MOF TJUhF�b'aeHBIGRzf<Rz�BMOF+v�RzMhI�HÎdhI$UVb'aeX$I �·NJacXYN �·acKeK
x+�µRzUOR�fWMOI$I�dhI$TµR�UhRzMOacF+f�R�dVdh�JUhR�fJX$I�L�F+U9RzaeUhX$UORzL�M[F+T�I�UhRzMOacfJx�acf MONBI�R�aeUVT:F�UVM[R�aeUVdhTµRzX�I�AGP±NJI�d�
�dÒMOI$v
v²�JdÒMF��IQaevwTJKeI$v�I$f>MOR��JKcI �·acMhN�vwaefJacvgR�K�aef�L�UOR�dÒMOUh�BX$MO�BUhIg�.a�AuI�AlKeF��ÌX$F+dVMY�qR�fJH dhNBF+�JKeH,�:I\b+I$UhaD¹5R��JKcI
MOF RGNJaex+N X$F+fB¹µHBI�fJX$I KcI$b�I�K�A P±NBI�d�
'dVMhI�vÍX$F+fJdhacdVMhd«F�L±L�F+�JU²TBUhaev�R�U�
 L��BfJX$MhaeF+fµRzK�TµRzUVMOd
7 ��C��QMONBI

C



i�I$KcLQjlF+fWMhUhF+KcKeI�H k UVI*R ��iJjlk6�%� ��^+�²MONJIGk acUhT�F+UVMgE�R�fJR�x+I�vwI�fWM�EGF'HJ�JKeIª�.k6E E �9�6�.@W�ÉF�f!����FWR�UVH
fµR*b'aexWR,MOaeF�f MhF�F+Kcd���R�fJH��.t>�±HµRzMOR�X$F+v�v9�JfJaeX�RzMOacF+f7A·p6fJK�
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F+f�MONBIQKcaefJI	dVI�x+vwI�fWMhd·L�UVF+v %�ÉMOF %�6R�fJH %�qMhF %� UVI�dVT:I$X$MOaDb+I$K#
+A

Ð�fWMOI�UVI�dÒMOaefBx+K#
��+�lI±F+UVaex+acfµR�KcK#
6I°|�T:I$X$MOI$HwMhF@�:I3R��JKeIÊMOF	TJUVF�b+I3MONBaed�MhNJI�F+UVI�v§�·acMhNJF+�BM MhNJI3UVI�vwF�bzR�K
F�L�MONJIÊUhI$dVMOUVaeXyMOI�H ��F+fBI�d�A�P±NJI�L�F�KeKeF��·acfJx3aef�L�F+Uhv�R�KWR�UVx+�JvwI�fWM¬�3Rzd�X$F+fJX�I$acb�I�H«R�d¬acKeKe�BdVMOUhRzMOI$H\aef\¹µx+�JUVI
s�A i�acfJX�IwMONJIgR�aeUVX�UhRzL�MQR�UhI�F+Uhacx+aefJR�KeK�
GdVI�TµRzUORzMhI�H RzMQMONBI�aeUQI�fWMhUOR�fJX$IgMOacv�I$dQR�fJHªMhNJI�TJRzMONJd[I�aDMONJI$U

IAF_R IAF_L

path of 
aircraft 1 aircraft 2

path of 

{�aex+�BUhI\s!7Êi'F+v�I\´�UVUhF+fJI$F+�Jd�P±NJaef �'acfJx

HJaDb+I�UVx+I\F+U·X�F+fWb�I�Uhx�I �J��MqfBI$b+I$UqX$F+vwIQX$KeF+dVI�U3MhF+x+I$MhNJI�U±MhNµR�f)MONJI\KeI$fJx�MhN FzL F+fJI\F�L�MONBIQKcI�x+d±FzL�MONBI
P@��MhNJI

9v²�JdVM��:I·R�HBI�)>�µRzMhI�K#
9dhI$TµR�UOR,MOI�HÉfJF	v�RzMVMOI�U��·NµRzM MhNJI±UhI$K RzMhacb+IldhT�I�I�HBd�RzUhI�A � fBL�F�UVMO�BfµRzMOI$K#

MONBaed �����3! ��� ��1��	� �&� �-,
��� ��MONJI$F+UhI$v$"²acdÊL.RzKedhI�� �rNµRzMlMONJIqaefBL�F+UVvgRzKµUhI*RzdhF+fJacfJx²F�b+I$UhKcF�F��zI�H�acd�MONBIqL.R�XyM
MONJRzM MhNJI9F+UVaex+acfµR�K�dVI�TµR�UhRzMOacF+f�x��µR�UORzf>MhI�I9R�TJTJKcaeI�d��·NJI�f MhNJI[¹JUhdVM6R�aeUVX�UhRzL�M I$fWMOI�UVd	R�fJHGMONJI²dVI�X$F+fJH
R�acUhX�UhRzL�Mwaed ����!*1*1����'�*��!�
',ÉF�L6MhNJI i'k�P�i R�aeUVdhTµRzX�I�A p6fJX$IGMONBI ¹µUVdVM�R�aeUVX�UOR,L�M�I$fWMOI�UVd��3MhNJI�UVI�x+acF+fµR�K
X�F�f>MhUhF+KcKeI$UwfBFªKeF�fJx+I�UÉNµRzdgUhI$dhT�F+fJdVa2�JacKeacM�
 L�F+UwdhI�TJR�UORzMhaeF+f"A �rNµRzMw�lIGHJaeH<fJF�M�UhI*RzKea �$I��3R�dwMONµR,M
MONBI�UhI²��I�UVI�HBacb+I$Uhx+I$fWM	MOUOR /VI�X$MhF+UhacI�d6�·NJI$UhI«MONBI«H 
'fµR�vwaeX²T�F+aefWM	FzL�X$KeF+dVI�dÒM9RzTJTJUhF+R�XYN F�X$X��JUVd\RzL�MOI$U
MONBIq¹µUVdVM±RzaeUhX$UORzL�MÊI$f>MhI�UVdlMONJI6i�k�P�i�R�acUhdhTJR�X�IzA P±NJaed�aedÊaeKcKe�JdÒMOUOR,MOI�HÉacf�¹µx+�BUhI6~�A�P±NJI T�F+aefWMhd�KeR��:I$KeI$H
kºR�UVIgMONJI�KcF�X�RzMOacF+fJd[F�L·MONJI)R�acUhX$UORzL�M[�·NJI�f<R�aeUVX�UhRzL�M�C�¹µUVdVMÉI�fWMhI�Uhd$A �qI$UhI�MhNJI

ÎRzUhI�R�HBI�)>�µRzMhI�K#

�J�BM²v�acfJaev�R�KeK�
 dVI�TµR�UhRzMOI$H7A �qF���I$b+I$U«�·NJI�f MONBI�dhI�X$F+fJH R�acUhX�UhRzL�M[aed9L.R�dÒMOI$U²acM[MOUOR*b�I�Ked[L��JUVMhNJI�U«acf
acMhd6MOUhR:/VI�XyMOF+U�
�MONJR�f MONJI«¹µUVdVM[R�aeUVX�UhRzL�M6F�b+I$UQR�MhaevwI²aefWMhI�UVbzR�K�A9P±NJI$UhIyL�F+UhIÉdhNBF+UVMhK#
 R,L�MOI�U\RzaeUhX$UORzL�M9C
I�fWMhI�Uhd
���·NJI$f MhNJI

 R�UVIwRzM\MONJIwT:F�dhacMhaeF+fBd6K R���I�KcKeI$H �§MhNJI

 R�UVIÉX�KeF�dhI�U	MhF+x+I$MhNJI�U\MONJR�f �·NBI�f MhNJI


��I�UhI[RzM·T�F+aefWMhd±k9AµP±NJI$UhI$L�F�UhI\dhI$TµR�UOR,MOaeF�f acd±KeF+dÒM*AÊE�Rzf 
gb�Rzaef RzMhMhI�vwTBMOd3��I�UVI[v�R�HJI6MhFÉTJUhF�b+I\MONBI
dhI$TµR�UhRzMOacF+fGTBUhF+T�I�UÒM�
Gacf MhNJI[o�¸	i)MhNJI�F+UVI�vºTJUVF�b�I�U²�.I�AuxJA3�BdhaefBx�b+I$X$MhF+UqL�F+UVv²�JKeR�d3L�F+U±MONJIQT�F+aefWM�F�L
X�KcF+dhI$dVMqR�TJTBUhFWR�XYNµ� ��I$L�F�UhI\acM3�lR�d�UhI�R�Kea���I�H�MhNµRzM·MONBI �ÒKeI�vwv�R�"9�lR�d·fJF�M·MOUV�JI�A
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�rNJacKeI�aef6MhNJIÊTJUhF'X�I$dhd¬F�LB�·UVacMhaefJx±�JT\MONBaed�TµR�T�I�U
�,��I³HJI�X$aeHJI$H[MhFqR,MhMOI$v�T�M�MONJI³TJUVF�F�L�F�LBR�fJF�MhNJI�U¬X�R�dhIzA
i�acfJX�IQ�lI«NµRzH fJF�Mqb+I�UVac¹µI$H R�f+
�X�R�dhI$d6�·NJI�UVI²F+fJI²R�aeUVX�UOR,L�M��lR�d	F+fGMONJI[P RzfJH�MONBI²F�MONBI�U6RzaeUhX$UORzL�M
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{�aex+�BUhI	~ 7Êi'F+v�I\´�UVUhF+fJI$F+�Jd�P±NJaef �'acfJx

�lR�dldÒMOaeKcK5R�TJTJUVFWR�XYNJacfJx[MhNJI P@�W��I6HJI$X�aeHBI�HgMhF9RzMVMOI$v�TBMlR[TBUhF'F�L7F�L7¢h�����$�.» Ä ÃC�+�·NJI$UhI6F�fJI RzaeUhX$UORzL�M
aed·acfGUVI�x+acF+fGt�R�fJH�R�fJF�MhNJI�U�F+fJI\acdqF+f)¹µfµRzK�RzTJTJUhF+R�XYN7A �rNJacKeIQRzMVMOI�vwTBMhaefJx«MOFwTJUVF�b�I[MhNJaed·X*RzdhI���acM
�lR�d HJacdhX$F�b�I�UVI�H MONµR,MqMhNJaed�KeI$v�v�R²�3R�dqfJF�MqMOUh�BI�A·Ð�f�MONBaed�X*R�dVI[MONBI�UhI9aed·fJFgMhaevwIQd�
'fJXYNJUhF�fJa ��RzMOacF+f
I�f�L�F+UhX$I�H �+
<MhNJI�k6E E F+f MONJI RzaeUhX$UORzL�M�RzM�MONJI$aeUÉb'aeUVMh�µR�K·F+U�UhI*RzKqÐ�k {�d�A � fBL�F+UÒMO�JfJRzMOI$K#
 MOacv�I
d�
'fJXYNBUhF+fJa��*RzMhaeF+f[RzM¬MONBI�Ð�{ �.acfJacMha R�K�¹B|J��RzfJH ��P �.UV�JfW�3R8
\MONBUhI�dVNJF+KcH5�¬acd�fJF�M�dh�!��X$aeI$f>M�MOF·x+�µRzUOR�fWMOI$I
MONJRzM±MONJI%
 R�UhI	x�I�F+vwI$MhUhaeX�R�KeK�
wdhI�TJR�UORzMhI�H�RzM�R�KeK:MOaevwI�d$A P±NJI$UhI[R�UhI	M���F�T�F+dhdVa2�JKcI	UhI$dhF+Kc�BMOacF+fJd�7
C+A �·I�)>�JacUhI	MOacv�I6d�
'fJXYNJUhF�fJa ��RzMOacF+f RzM·MONJI\Ð�k6{�d�A
^�A � I�fJI$UOR�Kca �$I[MONBI²fJF�MhaeF+fGF�L³¢h������� » ¢V���,��
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P±NJI�¹µUVdVM«UVI�dVF+Ke�BMhaeF+fªaed²R XYNJR�fJx+I�MhF�MONJI�F�T:I$UORzMhaeF+fµRzKÊX$F+fJX$I�TBMÉaDMOdhI$KcL����·NBI�UhI�R�d²MONBI�dhI�X$F+fJHÎaed9R
XYNµR�fBx+I MOF�MONBI dhRzL�I$M�
¾TJUhF+T�I�UÒM�
¾aDMOdhI$KcL�A P±NJI ¹µUhdÒM UhI�dVF+Ke��MOaeF�f¾�lF+�BKeH aevwT�F+dhI dVF+vwI R�HJHJaDMOaeF�fµR�K
MOacv�acfJx X�F+fBdVMOUhR�aefWMhdwMhNµRzMw�lF+�BKeH NJR�b�I�MOF �:I I�f�L�F+UhX$I�H �+
ÎMONJIGk	E E R�fJH X$F+fJdVI�)>�JI�fWMhK#
<X�F+�JKcH
UhI$HJ�JX$I�MONJI�T�I�UÒL�F+Uhv�R�fJX$I�A � I�dh�JdVT:I$X$M«MhNµRzM²MhNJI�aevwTµR�XyM[��F+�JKcH �:I�L.R�aeUVK#
 dhv�R�KcK �B�B�BM²MONBaed[�·acKeK
NµR*b+I	MhF ��I\R�dVdhI�dVdhI$H�b'a R«dhacv²�JK R,MOaeF�f7A�kqKcMhI�UhfJRzMOaDb+I�K�
��'MONJI\UhI$K R,|BRzMhaeF+fgF�L�MhNJI	dOR,L�I$M�
)TJUVF+T:I$UVM�
gHJF�I$d
fJF�M±R�TJT�I*R�UlMhF �:I	�BfJUhI�R�dhF+fJR��JKeI aef�MONJRzM±acMlaed3HBaeUhI$X$MhK#
gR�fµR�KcF+x+F+�JdÊMOF²�·NµR,M±aed±RzKeUhI�R�H 
�HJF+fJI6�·NBI�f
��F�MON R�acUhX�UhRzL�M·R�UVI	F+f�MONJI\P	AµÐ�f)L.R�X$M·acf�MONJacd±dhaDMO�µRzMhaeF+f�MhNJI\x+I�F�v�IyMOUhacX6dhI$TµR�UhRzMOacF+f)aed±x+UVI*RzMhI�U3MONJR�f
�·NJI$f ��F�MON R�acUhX�UhRzL�M·R�UVI\F+f�MONJI\P	A

� ���w����
8� 
�	��w�

Ð�f MONJacd²TµR�T�I�U[�lI)NµR*b+I�TBUhI�dVI�fWMOI$H¾R�L�F+UVvgRzK�vwF�HBI�KlFzL R X$F+fJX$I�TBM«L�F+U9dhI�)>�JI$fJX�acfJx R�aeUVX�UOR,L�M²aefWMhF
R i�k�P�i<RzaeUhT�F+UÒM²�·acMhNJF+�BMwR MOF���I�U
�lUORzHµR�U��ÊF+UÉR�acUhT�F+UVM²X�F+fWMOUVF+KeKcI�U$A�P±NJI X�F+fJX$I�TBM�UhI$KeacI�d«�JT�F+f R
MOacv�acfJx²TJUVF�MOF'X�F�K7aevwTJKeI$v�I$fWMOI�Hgaef)dhF�L�M��lR�UVIQfJR�v�I$H�MONJI\k acUhX$UORzL�MqE�RzfµR�x+I$v�I$f>MqE F�HJ�BKeIw�.k6E E �°A
P±NJI3X$F+fJX$I�TBM�NJR�d���I�I�f²L�F�Uhv�R�KeK�
6vwF�HJI$KeI$H9�JdVaefJx ��F�MhN²X�F+fWMhaef>�JF+�Jd R�fJH²HJacdhX$UhI$MhI3v�RzMONJI$vgR,MOaeX$d�RzfJH
X�F�fJdhacdVMOd�F�L�MONJUVI�I³vgRzaef\TJaeI$X�I$d�7��ÒC��¬EGF'HJI$K'FzL�MhNJI3i'k�P�i[R�acUhdhTJR�X�I³�JdVaefJx ^:��HBaevwI�fJdVaeF+fµRzKzb+I$X$MhF+Uhd
�µ��^��
vwF�HJI$K+F�LBR�aeUVX�UhRzL�M7MOUhR:/VI�XyMOF+UVaeI$d�Rzd¬L��BfJX$MhaeF+fJd¬F�L'MOacv�I�MONµRzM�R�UVI�HJI$MhI�UVv�acfJI�H �+
\R�aeUVX�UhRzL�M�dhT�I�I$H �z�·NBaeXYN
aed�HJI$T:I$fJHJI�fWM	�BT:F+f MONJIQUhI$vgRzaefJacfJxÉHJaedÒMYR�fJX$IQMhF�MhNJI9UV�JfW�3R8
 MONJUVI�dhNBF+KeH ��R�fBHÎ��@W�±RwUhI�)>�JacUhI$v�I$f>Mhd
vwF�HJI$K�FzLÊMhNJI«k	E�E �"�·NJacXYN dhT�I�X�aD¹µI�d6MhNJI«NJacx+N!��KcI$b�I�K¬MOaevwaefBxgTJUVF+T:I$UVMhaeI�d I�fBL�F+UVX�I$H �+
GMONJI²k6E E
dhFzL�M��3R�UVI�A

kÎvgRzMhNJI�v�RzMhaeX*RzK,MhNJI�F+UVI�v1NµRzd ��I�I$fQL�F�Uhv²�JKeRzMOI$H6�·NJaeXYNQdVMORzMOI$d�MhNµRzM�MhNJI³k	E E MOaevwaefBxlTJUVF�MOF'X�F+K
�·aeKcK¬vgR�acfWMYR�acf�R�HBI�)>�µRzMhI²dhI$TµR�UOR,MOaeF�f.�:IyM��lI$I�f R�KcK�RzaeUhX$UORzL�M R�dVdh�JvwaefJxwMONµR,M	R�KcK�RzaeUhX$UORzL�M�L�F+KcKeF��ÌMONBI
aefBdVMOUV�JX$MhaeF+fBd x+acb�I�f �+
²MONBI±k	E EºR�fJH«MONBI �VUh�JKcI�d FzL:MhNJI±UhFWRzH "\R�dhdVF�X$a RzMhI�H«�·acMhN²MONJI±X$F+fJX$I�TBM�A�P±NJI
TJUVF�F�LÊF�LÊMONBaed MhNJI�F+UVI�v �lR�d\HJI$X�F+vwT:F�dhI�H acf>MhF�MOI$f X�R�dhI$dQFzLÊ�·NBaeXYN ¹Jb+IÉNµR*b+I ��I�I$f TJUVF�b+I�H"A«P±NJI
TJUVI�Keacv�acfµR�U�
�X$F+fJX$I�TBM�vwF�HJI$KeI$H�aef�MONJacd±TµR�T�I�U3�lR�d·HJI$b�I�KcF+T:I$H m«vwF+fWMONJd±TJUVaeF+U�MOF«MONJI\X$F+v�TBKeI$MhaeF+f
F�L�MONJI[i�k�P�i)HJUOR,L�M\C[F+T�I�UhRzMOacF+fµR�K:X�F+fBX�I�T�M dVFwMhNµRzM±L�F+UVvgR�K�b+I$Uhac¹JX*RzMhaeF+f)MOI$XYNJfJa2)>�JI$d RzfJHGKca2�JUhR�UhacI�d
dh�BacMYR��JKeI«L�F+U\MONJacd[TBUhF��JKcI�v HJF�vgR�acf X$F+�JKcH ��I�HJIyb+I$KeF+T�I�H7A,�qF�T:IyL��JKeK�
���v²�JXYN�F�LlMONJIwMONJacdQ�·acKeK ��I
UhI$�JdhI$H��·NJI�f�MhNJI ¹µfµRzK�i�k�P�igF+T�I�UhRzMOacF+fµR�K5X$F+fJX�I$TBM±acdlvwF�HJI$KeI$H�R�fJH)RzfµR�K#
 �$I�HgL�F+UVvgRzKeK#
�A�Ð�f�F�UhHJI$U
MOFÉvwF�b+I\F+f)MOF«MONJI	¹µfJR�K�i�k�P�i�F+T:I$UORzMhaeF+fJR�K"X$F+fJX�I$TBM8�µMhNJI	b+I�UVac¹µX�RzMOacF+f��3RzdqfJFzM±L��JKeK�
gX$F+v�TBKeI$MhI�H7A
� I ��I�KcaeIyb+I MONJRzM�MONJI³X$F+v�TBKeI$MhaeF+f F�Lµ]z��� F�L'MONBI�dh� ��X*R�dVI�d�aed7I$fJF+�Jx+N\MOF·HJI$v�F�fJdVMhUORzMhI³MhNJI L�I*Rzdha2�BaeKeaDM�

F�L�MhNJaed b�I�UVac¹µX�RzMOacF+f R�TJTBUhFWR�XYN Iyb+I�f MhNJF+�Jx+N Iyb+I$U�
>MONJacfJx��lI«dVI$M\F+��M6MOF�RzX�X�F�v�TJKcaedVN aef m�vwF+fWMONBd
�lR�d�fBF�MÉ¹µfJaedVNJI�H"A-��F���I$b�I�U
� �:I$X*R��JdVIGFzLqMhNJIGacfJX�F�v�TJKcI$MhI�fJI$dhdÉF�L�MONJI TJUhF'F�L�d²��IGHBF fJFzM$�>fJF��
�·NJIyMONJI$UlMONJIqTJUhI$Keacv�acfµR�U�
[X�F�fJX�I$TBM±acMhdhI$KcL7acd�dhRzL�I�A � I�NµR*b+I6UV�Jf�v�R�f+
Édhaev9�JK RzMhaeF+fBd�F�L7MONBI X�F�fJX�I$TBM
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